Objective 4
amputation are from the military who may have benefitted from particularly intensive 122 rehabilitation programmes, focussed on achieving very high levels of function. (1, 3, 15) 
123
In summary high walking efficiency amongst individuals who have had an amputation is 124 likely to be observed amongst younger, more motivated individuals in good general health Court. Participants walked for five minutes at self-selected speed. An optoelectronic motion 176 capture system (Vicon, Oxford, UK) with ten T-Series Vicon cameras and four strain-gauged 177 force plates (AMTI, Watertown, MA, USA) embedded within a ten metre walkway was used 178 to capture three-dimensional kinematics and kinetics following the protocol detailed in 179 Appendix 1. This allowed the calculation of temporal and spatial parameters. Metabolic 180 energy expenditure measurements were captured using a Metamax (Cortex Biophysik GmbH, 181 Leipzig, Germany) via indirect calorimetry. All data were normalised to body mass with 182 prosthesis to allow comparison with previous studies. An average of the rate of oxygen 183 consumption (ml/kg/min) was calculated over the last minute of data capture for each 184 participant, and this is divided by walking speed to calculate oxygen cost (ml/kg/m). 
Results

203
Individuals with amputation and controls were of a similar age, height, and mass (Table 1) individuals with amputation to that of the "normal" able-bodied, which is generally an 289 unobtainable goal. Instead, comparing the walking ability to individuals with amputations, 290 but who are rehabilitated to the highest functional level, may be more appropriate. However, 291 considering the characteristics of each individual with amputation will always be important, 292 as it may be equally unrealistic to compare outcomes from an elderly and unwell individual 293 with an amputation due to vascular disease with the outcomes from the young otherwise 294 healthy individuals with amputation due to trauma reported in this study. (9, 10) 295 296
Study Limitations
297
There are a number of limitations to this study. Different studies adopt different procedures 298 for mass normalisation, principally in whether the mass of the prosthesis is included along 299 with that of the individual. There are arguments for either approach but, perhaps more 300 importantly, this is not always reported explicitly. All metabolic energy expenditure was 301 normalised to body mass plus prosthesis which will lead to lower normalised values than 302 studies normalising to body mass only, and this may account for some of the differences with 303 previous studies. The aim of this study was to describe the cohorts studied rather than to 304 detect differences between them, and the p-values were only intended to be indicative of the unilateral trans-tibial and trans-femoral amputation during walking reported by this study and others. (3-5, 7, 8, 12, 14, 20, 23, 24, 26) Missing error bars indicate that the standard deviation was not provided in source. Solid black line indicates control. In all studies except Schmalz et al (4) speeds were identified from over ground walking. All study cohorts are comprised either entirely or predominantly of individuals who had amputations as a consequence of trauma.
All study cohorts wore elastic response feet and micro-processor knee joints except some individuals with amputation in. (1, 26) Figure 2. Comparison of oxygen cost (mean and standard deviation) in individuals with a unilateral trans-tibial and trans-femoral amputation during walking reported by this study and others. (1, 3-8, 12, 20, 24, 26, 29) Self-selected walking speed for individuals with amputation except (1) but similar speed to all other investigations. Missing error bars indicate that the standard deviation was not provided in source. Normalisation to body mass and prosthesis used by this study, while used normalisation to just body weight (3, (5) (6) (7) (8) 20) for (1, 4, 12, 24, 26) methods of normalisation not defined. All studies included individuals who had sustained a traumatic amputation. All study cohorts wore elastic response feet and micro-processor knee joints except. (1, 26) Step Length (m) others. (3-5, 7, 8, 12, 14, 20, 23, 24, 26) Missing error bars indicate that the standard deviation was not provided by source. Solid black line indicates control. In all studies except Schmalz et al (4) speeds were identified from over ground walking. All study cohorts are comprised either entirely or predominantly of individuals who had amputations as a consequence of trauma.
All study cohorts wore elastic response feet and micro-processor knee joints except some others. (1, 3-8, 12, 20, 24, 26, 29) UTT: individuals with a unilateral trans-tibial amputation, UTF:
individuals with a unilateral trans-femoral amputation. Self-selected walking speed for individuals with amputation except (1) but similar speed to all other investigations. Missing error bars indicate that the standard deviation was not provided in source. Normalisation to body mass and prosthesis (UTT/UTF normalised Body Mass +prosthesis) used by this study, while used normalisation to just body weight in this study (UTT/UTF normalised Body Mass) and used by, (3, (5) (6) (7) (8) 20) whilst for (1, 4, 12, 24, 26) and to track the movement of the pelvis, thigh, shank and foot segments during walking. The placement of these markers is described in Appendix Table 1 , and demonstrated in Appendix 
Shank
• To track the shank segment tour markers were placed in a square cluster formation onto the lateral distal aspect of the shank, the socket for trans-tibial amputees or the prosthetic knee for trans-femoral amputees.
• To define the shank segment, markers were placed onto the medial and lateral condyles of the femur or the knee joint centre of a prosthetic knee, and the medial and lateral malleloi or the equivalent for the prosthetic foot 
